The composition of shiso oil which showed strong repellency against the adult cigarette beetles was analyzed by GC and GC-MS. Twelve components of shiso oil were identified. The repellency of the 12 components against the beetles was investigated with an olfactometer. a-Terpineol, linalool and (Ϫ)-perillaldehyde strongly repelled the beetles at a dose of 1 ml. However, they tended to attract the beetles at a ten or hundred fold lower dose. The mixture four major components of shiso oil, (Ϫ)-perillaldehyde (60.51%), (Ϫ)-limonene (14.42%), farnesene (11.26%) and b-caryophyllene (8.47%), exhibited a strong repellency against the beetles at a dose of 1 ml, but did not repel the beetles at a dose of 0.1 ml, and attracted them at a dose of 0.01 ml. The mixture repelled the beetles at a dose of 10 ml even in the presence of the cured tobacco odor. Also (Ϫ)-perillaldehyde and (Ϫ)-limonene being, in the ratio found in shiso oil, exhibited similar repellency and attractiveness against the beetles to the four components combined.
INTRODUCTION
The cigarette beetle, Lasioderma serricorne (Fabricius), damages a wide range of stored products (Hill, 1990) and is the most serious insect threat to stored tobacco (Ryan, 1995) . The beetles are mainly controlled by sanitation and fumigation at present. There are few control methods that can directly prevent the beetles from invading the products. Utilization of repellents would be a useful tool in an integrated management program to control this pest.
The author has studied the repellency of various plant essential oils, commonly used for the flavor of foods and cosmetics, against the cigarette beetle and found a strong repellency of shiso oil against the beetles (Hori, 2003) .
Shiso, Perilla frutescens, is a common herb in Japan and is traditionally used for food preservation (Sasaki et al., 1990) . Fujita et al. (1970) analyzed the compositions of the essential oils of shiso from various territories and reported that the main components of shiso oil were (Ϫ)-perillaldehyde (contents in oils: 32.0-54.8%) and (Ϫ)-limonene (8.4-32.4%). It is known that the perillaldehyde has antibacterial activities to some foodborne pathogens (Kim et al., 1995; Friedman et al., 2002) . However, there has been no report on the bio-activity of shiso oil and its dominant component, (Ϫ)-perillaldehyde against the insects except for the author's previous paper (Hori, 2003) , which suggested that the repellency of shiso oil was caused not only by (Ϫ)-perillaldehyde but by some other components, as well.
In this study, the composition of shiso oil was analyzed by GC and GC-MS, and several components were found to show repellency against the beetles in an olfactometer assay. Chemical analysis. Components of shiso oil were identified by comparison of GC retention times to those of the standards and by GC-MS data.
MATERIALS AND METHODS

Insects
1) GC. An HP 6890 Series gas chromatograph equipped with a flame ionization detector (Hewlett Packard) was used. The GC conditions were as follows: column, DB-WAX (J&W) 30 mϫ0.25 mm I.D. 0.25 mm; helium carrier gas flow rate, 1.0 ml/min; split ratio, 100 : 1; temperature program, isotherm 3 min at 40°C, 4°C/min gradient to 220°C, isotherm 5 min; injection temperature, 240°C; detector temperature, 240°C.
2) GC-MS. An HP 6890 Series gas chromatograph equipped with a 5973 mass selective detector (Hewlett Packard) was used. The mass data were analyzed by an HP MS chemstation system. The GC conditions were the same as for GC, except the detector temperature was 230°C.
Bioassay. The olfactometer described by Kohno et al. (1983) was used for bioassays. The olfactometer and methods used in the assay were essentially the same as those described in the previous paper (Hori, 2003) . Fifty adult females were released in the olfactometer that was furnished with eight tubes and connected to the sample or control jar on the side wall. The beetles in the olfactometer chose and entered the tube by chemotaxis. The number of beetles in the sample and control tubes was counted 3 h after the beginning of the test, and the total number of beetles in the four sample tubes was compared with that in the four control tubes. A 10 ml acetone solution of the respective sample was applied to a piece of filter paper (ADVANTEC, No. 2, 10ϫ20 mm) and one such paper was placed in each of the sample jars. As a control, a piece of filter paper treated with acetone was placed in each of the control jars. When 10 ml of the sample was tested, the sample was directly applied to the filter paper, which was then compared with a filter paper without sample in the control jars. In the test for evaluating the attractiveness of cured tobacco, cured tobacco powder (2 g) was put in each of the sample jars and no substance was put in any of the control jars. In the assays with the presence of tobacco odor, a piece of filter paper treated with the sample was placed on the tobacco powder in each of the sample jars and a piece of control filter paper was put in each of the control jars without tobacco powder. The sample and control tubes were alternated after the trial. All tests were carried out under light condition at 24-26°C. Each experiment was replicated four times. The data of the four replications were pooled and converted into the excess proportion index (EPI) according to the following formulation:
EPIϭ(nsϪnc)/(nsϩnc)ϭ2PSϪ1
PSϭns/(nsϩnc)
where ns and nc represent the total number of beetles in the sample tubes and in the control tubes, respectively, and PS represents the proportion of beetles in the sample tubes (Sakuma and Fukami, 1985) . The 95% fiducial limits of PS were calculated from the critical values of the variance ratio F and then transformed into those of EPI. When the upper limit of the 95% fiducial limit was below 0, it was concluded that the sample repelled beetles. When the lower limit of the 95% fiducial limit was above 0, it was concluded that the sample attracted beetles. When the upper limit of the 95% fiducial limit was 0 or above 0 and its lower limit was 0 or below 0, it was concluded that the sample was neutral to the beetles.
RESULTS
Components of shiso oil
The twelve components of shiso oil were identified, as shown in Fig. 1 ; helium carrier gas flow rate: 1.0 ml/min; split ratio: 100 : 1; temperature program: isotherm 3 min at 40°C, 4°C/min gradient to 220°C, isotherm 5 min; injection temperature: 240°C; detector temperature: 240°C; injection volume: 1 ml of hexane solution of shiso oil (concentration: 3%). (Hori, 2003) .
other components comprised less than 5%.
Behavioral responses of the adult beetles to shiso oil components
Three components, a-terpineol, linalool and (Ϫ)-perillaldehyde strongly repelled the beetles at a dose of 1 ml (Table 2) . On the other hand, a-terpineol and (Ϫ)-perillaldehyde attracted them at a dose of 0.01 ml. Linalool attracted the beetles at a dose of 0.1 ml. Four other components, benzaldehyde, a-humulene, b-caryophyllene and (Ϫ)-limonene attracted them at a dose of 1 ml.
Effects of mixtures of major shiso oil components
The repellencies of mixtures of four major components, (Ϫ)-perillaldehyde (P), (Ϫ)-limonene (L), farnesene (F) and b-caryophyllene (C) were further investigated. The samples were prepared by mixing two, three or four components based on their relative contents in shiso oil as described above, so as to bring the total ratios in the mixtures to 100.
Among two component mixtures, PL, PF and PC, PL strongly repelled the beetles at a dose of 1 ml (EPIϭca. Ϫ0.9, Table 3 ). The repellency of PF and PC was less than that of PL (Ϫ0.6ϾEPIϾϪ0.7). The repellencies of three component mixtures, PLF, PLC and PFC were weaker than that of PL and stronger than those of PF and PC. Among three component mixtures, PLF showed relatively strong repellency at a dose of 1 ml (EPIϭca. Ϫ0.8). The repellency of PLC or PFC was weaker than that of PLF (Ϫ0.7ϾEPIϾϪ0.8). The mixture of four components, PLFC showed as strong repellency against the beetles as PL at a dose of 1 ml (EPIϭϪ0.9), but it exhibited a high attractiveness to the beetles at a dose of 0.01 ml. PL, PLC and PFC attracted the beetles at a dose of 0.1 ml, but the other mixtures did not significantly repel or attract them.
Behavioral responses of the beetles to the cured tobacco in the presence of shiso oil components
The attractiveness of cured tobacco was weak-360 M. HORI ened by the addition of a 1 ml (Ϫ)-perillaldehyde, PL or PLFC (Table 4 ). The beetles were repelled by the addition of 10 ml PL or PLFC to cured tobacco.
DISCUSSION
Among shiso oil components, (Ϫ)-perillaldehyde had relatively strong repellency to the beetles, but was weaker than a-terpineol, which was a minor component (0.16%) of the oil (Table 2) . Because of the predominant content (60.51%), (Ϫ)-perillaldehyde was determined to be the main repellent component of shiso oil against the beetles.
The second main component of shiso oil was (Ϫ)-limonene (14.42%), but it attracted the beetles at a dose of 1 ml. It was interesting that the addition of (Ϫ)-limonene to (Ϫ)-perillaldehyde increased the repellency. In the presence of cured tobacco, 10 ml of (Ϫ)-perillaldehyde did not repel the beetles, but 10 ml mixture of (Ϫ)-perillaldehyde and (Ϫ)-limonene did (Table 4) . Therefore, (Ϫ)-limonene seems to work synergistically with (Ϫ)-perillaldehyde in repellency. The addition of farnesene or b-caryophyllene to (Ϫ)-perillaldehyde decreased the repellency (Tables 2 and 3 ). However, the repellency of (Ϫ)-perillaldehyde mixed with both farnesene and b-caryophyllene was almost the same as that of (Ϫ)-perillaldehyde alone at a dose of 1 ml. Furthermore, the mixture of (Ϫ)-perillaldehyde, (Ϫ)-limonene, farnesene and b-caryophyllene exhibited almost the same level of repellency as the mixture of (Ϫ)-perillaldehyde and (Ϫ)-limonene. These data suggest that (Ϫ)-perillaldehyde and (Ϫ)-limonene play an important role in the repellency of shiso oil, but other components do, as well. Farnesene and b-caryophyllene play a synergistic role in the repellency of shiso oil against the beetle. No mixtures of components tested repelled the beetles at a dose of 0.1 ml, while shiso oil did at the same dose. This result also supports the above suggestion.
Female cigarette beetles are attracted to the odor of stored tobacco products and oviposit eggs there. Larvae hatched from the eggs feed on the products and damage them. If female beetles can be prevented from entering the products by repellents, the risk of product loss caused by the beetles can be reduced. In the present and previous (Hori, 2003) studies, I revealed that shiso oil strongly repelled the beetles, and the combination of the two components of shiso oil, (Ϫ)-perillaldehyde and (Ϫ)-limonene exhibited a strong repellency to the beetles. Further works to develop the application method utilizing the repellency of shiso oil components for the control of the cigarette beetle are necessary. 
